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Abstract 
 
The yielding capacity is given for each maize hybrid by its genetics, but it is also influenced by the growth conditions. 
As drought is the main yield constraints especially in South Romania, which is the most important Romanian growing 
area for maize, it is of great importance for farmers but also for scientists to better understand the maize plant 
responses to drought under different technological conditions. The preceding crop, nitrogen rate and row spacing 
represent crop technology elements that the maize grower can manipulate according to his production objective, this 
being even more of interest in drought conditions. From this perspective, the aim of this paper is to present the results 
regarding the yield components and the grain yield at maize under drought and different crop technology conditions 
(two preceding crops, two row spacing and four nitrogen rates) in the specific growing conditions from South Romania. 
In this respect, a field experiment was performed in 2016 in South Romania (44o29’ N latitude and 26o15’ E longitude), 
under rainfed conditions. Five maize hybrids were studied under two preceding crops (sunflower and maize), two row 
spacing (70 and 50 cm) and four nitrogen rates (0 kg.ha-1; 50 kg.ha-1; 100 kg.ha-1; 50+50 kg.ha-1). Under the drought 
conditions of 2016, application of nitrogen and increasing of nitrogen rate from 50 to 100 kg.ha-1 increased the grain 
yield and values of the yield components (except TGW). Generally, grain yield and yielding components (except TGW) 
registered higher values at row spacing of 50 cm when the preceding crop was maize and at row spacing of 70 cm when 
the preceding crop was sunflower. Yielding components (except TGW) registered higher values in the case of maize as 
preceding crop, while TGW and grain yield registered higher values when sunflower was the preceding crop. 
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INTRODUCTION  
 
Maize (Zea mays L.) is a crop with a high 
yielding capacity. The yielding capacity is 
determined by the yield components, which are 
the elements participating to the yield 
formation (Ion et al., 2013). The yielding 
capacity is given for each maize hybrid by its 
genetics, but it is also influenced by the growth 
conditions, respectively by the environmental 
factors, mainly soil and climatic conditions, as 
well as by the crop technology used by the 
maize grower. 
Yield potential can be diminished as a 
consequence of insufficient water supply to 
meet crop water demand (Grassini et al., 2009). 
But severe drought stress is affecting in a very 
significant way the yielding capacity of the 
maize plants, even leading in extreme 
conditions to the loss of the yielding capacity. 
Drought is the main yield constraints especially 
in South Romania, which is the most important 
Romanian growing area for maize.  

Rainfed crop management systems need to be 
optimized to provide more resilient options in 
order to cope with the decrease in mean 
precipitation and more frequent extreme 
drought periods (Cociu and Cizmaș, 2015). 
Therefore, it is of great importance for farmers 
but also for scientists to better understand the 
maize plant responses to drought under 
different technological conditions. 
Farmers growing maize must consider crop 
technology as a tool for a maximum use of 
resources and for diminishing the effects of 
limitative environmental factors (Dumbrava et 
al., 2015). 
Preceding crop is among the important crop 
technology measures with a significant 
influence upon the yield, respectively upon the 
yield components (Ion et al., 2015). The effect 
of crop rotation on maize yield is inversely 
proportional to the ratio of the maize in the 
crop rotation (Šeremešić et al., 2013). Despite 
the fact the benefits of crop rotation for land 
and water resource protection and productivity 

 
CONCLUSIONS  
 
The experiments performed in controlled con-
ditions allowed the evaluation of the biological 
response of the red clover to various treatments 
considered to have a potential impact on the 
growth and development of the plants’ canopy. 
Seed inoculation, in the absence of fertilization, 
leads to relatively equivalent yields obtained 
from the mineral N fertilizer application. 
Foliar fertilization exclusively using molyb-
denum did not provide significant yield in-
creases, but when it was combined with nitro-
gen fertilization, it helped to achieve higher 
yields. 
The "image" of the biological yield of plants 
excludes the aspects related to the nitrogenase 
activity that is responsible for the symbiotic 
nitrogen fixation. 
From the yield formation point of view, the 
variants in which a large number of nodules 
were formed did not correlate positively with 
dry matter accumulation; however, they can 
have a particular importance in improving the 
reserves of assimilable nitrogen available in the 
soil. 
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have been identified, many of the rotation 
factors, processes and mechanisms responsible 
for increased yield and other benefits need to 
be better understood (Berzsenyi et al., 2000). 
Nitrogen application are among the 
management methods that can increase maize 
grain yields (Stanger and Lauer, 2008). Maize 
is known to be a heavy feeder of nitrogen 
fertilizer (Muhamman et al., 2014). 
Nevertheless, at high application rates the 
efficiency of nitrogen use is reduced and the 
risk of nitrogen loss in soil-plant systems is 
increased (Chakwizira et al., 2016). Therefore, 
best nitrogen management practices are the pre-
requisite to warrant high maize yield (Wasaya 
et al., 2012). 
Generally, maize is cultivated in wide spaced 
rows (Nik et al., 2011), but decreasing the 
distance between neighbour rows at any 
particular plant population has several potential 
advantages (Sangoi et al., 2001). Planting 
maize in narrow rows results in a more 
equidistant spacing of plants, which 
theoretically assumes to minimize the 
competition among plants for water, nutrients 
and sunlight (Gobeze et al., 2012). 
Preceding crop, nitrogen rate and row spacing 
represent crop technology elements that the 
maize grower can manipulate according to his 
production objective, this being even more of 
interest in drought conditions. From this 
perspective, the aim of this paper is to present 
the results regarding the yield components and 
the grain yield at maize under drought and 
different crop technology conditions (two 
preceding crops, two row spacing and four 
nitrogen rates) in the specific growing 
conditions from South Romania. 
 
MATERIALS AND METHODS  
 
Researches were performed in a field 
experiment in the year 2016, under rainfed 
conditions. The field experiment was located in 
South Romania (44o29’ N latitude and 26o15’ E 
longitude), within Moara Domnească 
Experimental Farm belonging to the University 
of Agronomic Sciences and Veterinary 
Medicine of Bucharest. 
In the field experiments there were sowed five 
maize hybrids, respectively: Aristide (FAO 
precocity group 400), LG 34.90 (FAO 

precocity group 490), Janett (FAO precocity 
group 550), ES Feria (FAO precocity group 
550), Mikado (FAO precocity group 550). Each 
of the five maize hybrids were sowed in the 
conditions of two preceding crops (sunflower 
and maize), two row spacing (70 and 50 cm) 
and four nitrogen rates (0 kg.ha-1; 50 kg.ha-1; 
100 kg.ha-1; 50+50 kg.ha-1). 
Nitrogen fertilization was done immediately 
after sowing, except for the experimental 
variant 50+50 kg.ha-1 for which half of rate (50 
kg.ha-1) was applied immediately after sowing 
and the other half (50 kg.ha-1) was applied in 
the vegetation period, in the growth stage of 
eight leaves. As fertilizer, it was used the 
ammonium nitrite with 33.5% nitrogen content.  
Soil tillage consisted in ploughing performed 
on 30th of October 2015, followed by a disc 
harrow work performed in the next spring, on 
18th of March 2016. The seedbed was prepared 
before sowing by the help of a combinatory.  
Sowing was performed on 8th of April 2016 and 
the plant density was of 70,000 plants.ha-1.  
The weed control was performed by the help of 
herbicides applied on 19th of May 2016, when 
the maize plants were in the stage of four 
leaves. It was used the herbicide Dicopur Top 
464 SL (active substance acid 2.4D 344 g.l-1 + 
dicamba 120 g.l-1) applied in a rate of 1 l.ha-1, 
which was applied together with the herbicide 
Titus 25 DF (active substance rimsulfuron 
metil 250 g.kg-1) in a rate of 50 g.ha-1. Also, it 
was added together with the herbicides the 
adjuvant Trend 90 in a rate of 200 ml.ha-1.  
The soil from the field experiment area is 
reddish preluvosoil, which has a humus content 
of 2.2-2.8%, a pH between 6.2 and 6.6, and a 
clay loam texture.  
The climatic conditions for the period April-
August, respectively for the growing period of 
maize plants, are characterised by the 
multiannual average temperature of 18.5oC and 
the multiannual average rainfall of 313.2 mm, 
while the values registered in 2016 were of 
20.1oC and respectively 284 mm. As a result, 
the year 2016 is characterised as a warmer and 
drier year for the studying area.  
At full maturity stage, the ears from one square 
meter in each experimental variant were 
analysed. The following determinations of the 
yield components were performed: ear length 
(cm), number of grains on ear, ear weight (g), 

grain weight on ear (g), and thousand grain 
weight – TGW (g). Also, the grain moisture 
content was determined by the help of a 
moisture analyser. The grain yield was 
calculated in kg.ha-1 and it was reported at 14% 
moisture content.  
The obtained data were statistically processed 
by analysis of variance (ANOVA). As control, 
there were taken the variants with the nitrogen 
rate of 0 kg.ha-1 for each row spacing and 
preceding crop. The data presented and 
analysed in the paper represents the average 
values for the five studied maize hybrids. 
  
RESULTS AND DISCUSSIONS 
 
Ear length. In average for all experimental 
variants, the ear length was of 11.8 cm.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the ear length, with differences statistically 
significant obtained at the nitrogen rate of 
100 kg.ha-1, except after sunflower as 
preceding crop and at row spacing of 50 cm. 
The increasing of ear length determined by 
nitrogen application is more important in the 
case of sunflower as preceding crop than in the 
case of maize as preceding crop (Figure 1). 
In the case of sunflower as preceding crop, 
differences statistically significant for row 

spacing of 70 cm were registered at nitrogen 
rate of 50 kg.ha-1, while applying more nitrogen 
(rate of 100 kg.ha-1) has not conducted to a 
significant increase in the ear length.  
Compared to the values of ear length obtained 
at the nitrogen rate of 100 kg.ha-1, dividing of 
nitrogen rate of 100 kg.ha-1 in two applications, 
respectively half of rate (50 kg.ha-1) applied 
immediately after sowing and half of rate 
(50 kg.ha-1) applied in the growth stage of eight 
leaves, decreased the ear length regardless of 
the preceding crop and row spacing.  
Ear length registered higher values after maize 
as preceding crop (12.3 cm in average) than 
after sunflower as preceding crop (11.3 cm in 
average).  
As concerning the row spacing, the values of 
the ear length were higher at row spacing of 50 
cm compared to those obtained at 70 cm when 
the preceding crop was maize and vice versa 
when the preceding crop was sunflower. 
The highest value of the ear length (13.6 cm) 
was registered under maize as preceding crop, 
at row spacing of 50 cm and at nitrogen rate of 
100 kg.ha-1. The smallest value of the ear 
length (10.0 cm) was registered under 
sunflower as preceding crop, without nitrogen 
application and regardless of the row spacing. 

 

  
Figure 1. Ear length in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm) 

and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Number of grains on ear. In average for all 
experimental variants, the number of grains on 
ear was of 227.  
As in the case of ear length, application of 
nitrogen and increasing of nitrogen rate from 
50 to 100 kg.ha-1 increased the number of 

grains on ear, with differences statistically 
significant obtained at the rate of 100 kg.ha-1. 
The increasing of the number of grains on ear 
determined by nitrogen application is more 
important in the case of sunflower as preceding 
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have been identified, many of the rotation 
factors, processes and mechanisms responsible 
for increased yield and other benefits need to 
be better understood (Berzsenyi et al., 2000). 
Nitrogen application are among the 
management methods that can increase maize 
grain yields (Stanger and Lauer, 2008). Maize 
is known to be a heavy feeder of nitrogen 
fertilizer (Muhamman et al., 2014). 
Nevertheless, at high application rates the 
efficiency of nitrogen use is reduced and the 
risk of nitrogen loss in soil-plant systems is 
increased (Chakwizira et al., 2016). Therefore, 
best nitrogen management practices are the pre-
requisite to warrant high maize yield (Wasaya 
et al., 2012). 
Generally, maize is cultivated in wide spaced 
rows (Nik et al., 2011), but decreasing the 
distance between neighbour rows at any 
particular plant population has several potential 
advantages (Sangoi et al., 2001). Planting 
maize in narrow rows results in a more 
equidistant spacing of plants, which 
theoretically assumes to minimize the 
competition among plants for water, nutrients 
and sunlight (Gobeze et al., 2012). 
Preceding crop, nitrogen rate and row spacing 
represent crop technology elements that the 
maize grower can manipulate according to his 
production objective, this being even more of 
interest in drought conditions. From this 
perspective, the aim of this paper is to present 
the results regarding the yield components and 
the grain yield at maize under drought and 
different crop technology conditions (two 
preceding crops, two row spacing and four 
nitrogen rates) in the specific growing 
conditions from South Romania. 
 
MATERIALS AND METHODS  
 
Researches were performed in a field 
experiment in the year 2016, under rainfed 
conditions. The field experiment was located in 
South Romania (44o29’ N latitude and 26o15’ E 
longitude), within Moara Domnească 
Experimental Farm belonging to the University 
of Agronomic Sciences and Veterinary 
Medicine of Bucharest. 
In the field experiments there were sowed five 
maize hybrids, respectively: Aristide (FAO 
precocity group 400), LG 34.90 (FAO 

precocity group 490), Janett (FAO precocity 
group 550), ES Feria (FAO precocity group 
550), Mikado (FAO precocity group 550). Each 
of the five maize hybrids were sowed in the 
conditions of two preceding crops (sunflower 
and maize), two row spacing (70 and 50 cm) 
and four nitrogen rates (0 kg.ha-1; 50 kg.ha-1; 
100 kg.ha-1; 50+50 kg.ha-1). 
Nitrogen fertilization was done immediately 
after sowing, except for the experimental 
variant 50+50 kg.ha-1 for which half of rate (50 
kg.ha-1) was applied immediately after sowing 
and the other half (50 kg.ha-1) was applied in 
the vegetation period, in the growth stage of 
eight leaves. As fertilizer, it was used the 
ammonium nitrite with 33.5% nitrogen content.  
Soil tillage consisted in ploughing performed 
on 30th of October 2015, followed by a disc 
harrow work performed in the next spring, on 
18th of March 2016. The seedbed was prepared 
before sowing by the help of a combinatory.  
Sowing was performed on 8th of April 2016 and 
the plant density was of 70,000 plants.ha-1.  
The weed control was performed by the help of 
herbicides applied on 19th of May 2016, when 
the maize plants were in the stage of four 
leaves. It was used the herbicide Dicopur Top 
464 SL (active substance acid 2.4D 344 g.l-1 + 
dicamba 120 g.l-1) applied in a rate of 1 l.ha-1, 
which was applied together with the herbicide 
Titus 25 DF (active substance rimsulfuron 
metil 250 g.kg-1) in a rate of 50 g.ha-1. Also, it 
was added together with the herbicides the 
adjuvant Trend 90 in a rate of 200 ml.ha-1.  
The soil from the field experiment area is 
reddish preluvosoil, which has a humus content 
of 2.2-2.8%, a pH between 6.2 and 6.6, and a 
clay loam texture.  
The climatic conditions for the period April-
August, respectively for the growing period of 
maize plants, are characterised by the 
multiannual average temperature of 18.5oC and 
the multiannual average rainfall of 313.2 mm, 
while the values registered in 2016 were of 
20.1oC and respectively 284 mm. As a result, 
the year 2016 is characterised as a warmer and 
drier year for the studying area.  
At full maturity stage, the ears from one square 
meter in each experimental variant were 
analysed. The following determinations of the 
yield components were performed: ear length 
(cm), number of grains on ear, ear weight (g), 

grain weight on ear (g), and thousand grain 
weight – TGW (g). Also, the grain moisture 
content was determined by the help of a 
moisture analyser. The grain yield was 
calculated in kg.ha-1 and it was reported at 14% 
moisture content.  
The obtained data were statistically processed 
by analysis of variance (ANOVA). As control, 
there were taken the variants with the nitrogen 
rate of 0 kg.ha-1 for each row spacing and 
preceding crop. The data presented and 
analysed in the paper represents the average 
values for the five studied maize hybrids. 
  
RESULTS AND DISCUSSIONS 
 
Ear length. In average for all experimental 
variants, the ear length was of 11.8 cm.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the ear length, with differences statistically 
significant obtained at the nitrogen rate of 
100 kg.ha-1, except after sunflower as 
preceding crop and at row spacing of 50 cm. 
The increasing of ear length determined by 
nitrogen application is more important in the 
case of sunflower as preceding crop than in the 
case of maize as preceding crop (Figure 1). 
In the case of sunflower as preceding crop, 
differences statistically significant for row 

spacing of 70 cm were registered at nitrogen 
rate of 50 kg.ha-1, while applying more nitrogen 
(rate of 100 kg.ha-1) has not conducted to a 
significant increase in the ear length.  
Compared to the values of ear length obtained 
at the nitrogen rate of 100 kg.ha-1, dividing of 
nitrogen rate of 100 kg.ha-1 in two applications, 
respectively half of rate (50 kg.ha-1) applied 
immediately after sowing and half of rate 
(50 kg.ha-1) applied in the growth stage of eight 
leaves, decreased the ear length regardless of 
the preceding crop and row spacing.  
Ear length registered higher values after maize 
as preceding crop (12.3 cm in average) than 
after sunflower as preceding crop (11.3 cm in 
average).  
As concerning the row spacing, the values of 
the ear length were higher at row spacing of 50 
cm compared to those obtained at 70 cm when 
the preceding crop was maize and vice versa 
when the preceding crop was sunflower. 
The highest value of the ear length (13.6 cm) 
was registered under maize as preceding crop, 
at row spacing of 50 cm and at nitrogen rate of 
100 kg.ha-1. The smallest value of the ear 
length (10.0 cm) was registered under 
sunflower as preceding crop, without nitrogen 
application and regardless of the row spacing. 

 

  
Figure 1. Ear length in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm) 

and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Number of grains on ear. In average for all 
experimental variants, the number of grains on 
ear was of 227.  
As in the case of ear length, application of 
nitrogen and increasing of nitrogen rate from 
50 to 100 kg.ha-1 increased the number of 

grains on ear, with differences statistically 
significant obtained at the rate of 100 kg.ha-1. 
The increasing of the number of grains on ear 
determined by nitrogen application is more 
important in the case of sunflower as preceding 
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crop than in the case of maize as preceding 
crop (Figure 2). 
In the case of sunflower as preceding crop, 
differences statistically significant for row 
spacing of 70 cm were registered at nitrogen 
rate of 50 kg.ha-1. Applying more nitrogen (rate 
of 100 kg.ha-1) has conducted to a significant 
increase in the number of grains on ear.  
Compared to the values of the number of grains 
on ear obtained at the nitrogen rate of 
100 kg.ha-1, dividing of nitrogen rate of 
100 kg.ha-1 in two applications (half of rate 
applied immediately after sowing and half of 
rate applied in the growth stage of eight leaves) 
decreased the number of grains on ear 
regardless of the preceding crop and row 
spacing. However, dividing of nitrogen rate of 
100 kg.ha-1 in the case of sunflower as 
preceding crop has not determined important 
reduction of the number of grains on ear for the 
row spacing of 70 cm, while for the row 
spacing of 50 cm the differences were very 
important. 

Number of grains on ear registered higher 
values after maize as preceding crop (278 in 
average) than after sunflower as preceding crop 
(255 in average). 
As concerning the row spacing, the values of 
the number of grains on ear were higher at row 
spacing of 50 cm than at row spacing of 70 cm 
when the preceding crop was maize and vice 
versa when the preceding crop was sunflower. 
In has to be underlined that in the case of 
sunflower as preceding crop, dividing of the 
nitrogen rate of 100 kg.ha-1 in two applications 
led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the number of grains on 
ear (358) was registered under maize as 
preceding crop, at row spacing of 50 cm and at 
nitrogen rate of 100 kg.ha-1. The smallest value 
of the number of grains on ear (195) was 
registered under sunflower as preceding crop, 
without nitrogen application and at row spacing 
of 50 cm. 

 

  
Figure 2. Number of grains on ear in different conditions of preceding crops (a- maize, b- sunflower), row spacing 

(70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Ear weight. In average for all experimental 
variants, the ear weight was of 62.1 g.  
Administration of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the ear weight, with differences statistically 
significant obtained at the rate of 100 kg.ha-1, 
except for the situation when the preceding 
crop was maize and the row spacing was of 
50 cm. The increasing of ear weight determined 
by nitrogen application is more important in the 
case of sunflower as preceding crop than in the 
case of maize as preceding crop (Figure 3). 
In the case of sunflower as preceding crop, 
differences statistically significant were 

registered also at nitrogen rate of 50 kg.ha-1 for 
row spacing of 50 cm.  
Compared to the values of the ear weight 
obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the ear 
weight regardless of the preceding crop and 
row spacing. However, dividing of nitrogen 
rate of 100 kg.ha-1 in the case of sunflower as 
preceding crop and row spacing of 70 cm has 
not determined important reduction of the ear 

weight, while for the row spacing of 50 cm the 
differences were very important. 
Ear weight registered higher values in the case 
of maize as preceding crop (62.4 g in average) 
than in the case of sunflower as preceding crop 
(61.8 g in average). However, by application of 
nitrogen the ear weight gets higher values after 
sunflower as preceding crop than after maize as 
preceding crop (Figure 3). 
As concerning the row spacing, the values of 
ear weight were higher at row spacing of 50 cm 
than at row spacing of 70 cm when the 
preceding crop was maize and vice versa when 
the preceding crop was sunflower except for 

the row spacing of 70 cm at nitrogen rate of 
50 kg.ha-1. In has to be underlined that in the 
case of sunflower as preceding crop, the 
nitrogen rate of 100 kg.ha-1, but especially 
dividing this nitrogen rate in two applications 
led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the ear weight (77.83 g) 
was registered under sunflower as preceding 
crop, at row spacing of 70 cm and at a nitrogen 
rate of 100 kg.ha-1. The smallest value of the 
ear weight (44.59 g) was registered under 
sunflower as preceding crop, without nitrogen 
application and at row spacing of 50 cm. 

 

  
Figure 3. Ear weight in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm) 

and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Grain weight on ear. In average for all 
experimental variants, the grain weight on ear 
was of 52.0 g.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain weight on ear, with differences 
statistically significant obtained at the rate of 
100 kg.ha-1. The increasing of grain weight on 
ear determined by nitrogen application is more 
important in the case of sunflower as preceding 
crop than in the case of maize as preceding 
crop (Figure 4). 
In the case of sunflower as preceding crop, 
differences statistically significant were 
registered also at nitrogen rate of 50 kg.ha-1. 
Compared to the values of the grain weight on 
ear obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the 
grain weight on ear regardless of the preceding 

crop and row spacing. However, dividing of 
nitrogen rate of 100 kg.ha-1 after sunflower as 
preceding crop and row spacing of 70 cm has 
not determined important reduction of the grain 
weight on ear, while for the row spacing of 
50 cm the differences were very important. 
Grain weight on ear registered higher values 
after maize as preceding crop (52.2 g in 
average) than after sunflower as preceding crop 
(51.9 g in average). However, by application of 
nitrogen the grain weight on ear gets higher 
values after sunflower as preceding crop than 
after maize as preceding crop. 
As concerning the row spacing, the values of 
the grain weight on ear were higher at row 
spacing of 50 cm than at row spacing of 70 cm 
when the preceding crop was maize and vice 
versa when the preceding crop was sunflower. 
In has to be underlined that in the case of 
sunflower as preceding crop, dividing of 
nitrogen rate of 100 kg.ha-1 in two applications 
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crop than in the case of maize as preceding 
crop (Figure 2). 
In the case of sunflower as preceding crop, 
differences statistically significant for row 
spacing of 70 cm were registered at nitrogen 
rate of 50 kg.ha-1. Applying more nitrogen (rate 
of 100 kg.ha-1) has conducted to a significant 
increase in the number of grains on ear.  
Compared to the values of the number of grains 
on ear obtained at the nitrogen rate of 
100 kg.ha-1, dividing of nitrogen rate of 
100 kg.ha-1 in two applications (half of rate 
applied immediately after sowing and half of 
rate applied in the growth stage of eight leaves) 
decreased the number of grains on ear 
regardless of the preceding crop and row 
spacing. However, dividing of nitrogen rate of 
100 kg.ha-1 in the case of sunflower as 
preceding crop has not determined important 
reduction of the number of grains on ear for the 
row spacing of 70 cm, while for the row 
spacing of 50 cm the differences were very 
important. 

Number of grains on ear registered higher 
values after maize as preceding crop (278 in 
average) than after sunflower as preceding crop 
(255 in average). 
As concerning the row spacing, the values of 
the number of grains on ear were higher at row 
spacing of 50 cm than at row spacing of 70 cm 
when the preceding crop was maize and vice 
versa when the preceding crop was sunflower. 
In has to be underlined that in the case of 
sunflower as preceding crop, dividing of the 
nitrogen rate of 100 kg.ha-1 in two applications 
led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the number of grains on 
ear (358) was registered under maize as 
preceding crop, at row spacing of 50 cm and at 
nitrogen rate of 100 kg.ha-1. The smallest value 
of the number of grains on ear (195) was 
registered under sunflower as preceding crop, 
without nitrogen application and at row spacing 
of 50 cm. 

 

  
Figure 2. Number of grains on ear in different conditions of preceding crops (a- maize, b- sunflower), row spacing 

(70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Ear weight. In average for all experimental 
variants, the ear weight was of 62.1 g.  
Administration of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the ear weight, with differences statistically 
significant obtained at the rate of 100 kg.ha-1, 
except for the situation when the preceding 
crop was maize and the row spacing was of 
50 cm. The increasing of ear weight determined 
by nitrogen application is more important in the 
case of sunflower as preceding crop than in the 
case of maize as preceding crop (Figure 3). 
In the case of sunflower as preceding crop, 
differences statistically significant were 

registered also at nitrogen rate of 50 kg.ha-1 for 
row spacing of 50 cm.  
Compared to the values of the ear weight 
obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the ear 
weight regardless of the preceding crop and 
row spacing. However, dividing of nitrogen 
rate of 100 kg.ha-1 in the case of sunflower as 
preceding crop and row spacing of 70 cm has 
not determined important reduction of the ear 

weight, while for the row spacing of 50 cm the 
differences were very important. 
Ear weight registered higher values in the case 
of maize as preceding crop (62.4 g in average) 
than in the case of sunflower as preceding crop 
(61.8 g in average). However, by application of 
nitrogen the ear weight gets higher values after 
sunflower as preceding crop than after maize as 
preceding crop (Figure 3). 
As concerning the row spacing, the values of 
ear weight were higher at row spacing of 50 cm 
than at row spacing of 70 cm when the 
preceding crop was maize and vice versa when 
the preceding crop was sunflower except for 

the row spacing of 70 cm at nitrogen rate of 
50 kg.ha-1. In has to be underlined that in the 
case of sunflower as preceding crop, the 
nitrogen rate of 100 kg.ha-1, but especially 
dividing this nitrogen rate in two applications 
led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the ear weight (77.83 g) 
was registered under sunflower as preceding 
crop, at row spacing of 70 cm and at a nitrogen 
rate of 100 kg.ha-1. The smallest value of the 
ear weight (44.59 g) was registered under 
sunflower as preceding crop, without nitrogen 
application and at row spacing of 50 cm. 

 

  
Figure 3. Ear weight in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm and 50 cm) 

and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Grain weight on ear. In average for all 
experimental variants, the grain weight on ear 
was of 52.0 g.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain weight on ear, with differences 
statistically significant obtained at the rate of 
100 kg.ha-1. The increasing of grain weight on 
ear determined by nitrogen application is more 
important in the case of sunflower as preceding 
crop than in the case of maize as preceding 
crop (Figure 4). 
In the case of sunflower as preceding crop, 
differences statistically significant were 
registered also at nitrogen rate of 50 kg.ha-1. 
Compared to the values of the grain weight on 
ear obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the 
grain weight on ear regardless of the preceding 

crop and row spacing. However, dividing of 
nitrogen rate of 100 kg.ha-1 after sunflower as 
preceding crop and row spacing of 70 cm has 
not determined important reduction of the grain 
weight on ear, while for the row spacing of 
50 cm the differences were very important. 
Grain weight on ear registered higher values 
after maize as preceding crop (52.2 g in 
average) than after sunflower as preceding crop 
(51.9 g in average). However, by application of 
nitrogen the grain weight on ear gets higher 
values after sunflower as preceding crop than 
after maize as preceding crop. 
As concerning the row spacing, the values of 
the grain weight on ear were higher at row 
spacing of 50 cm than at row spacing of 70 cm 
when the preceding crop was maize and vice 
versa when the preceding crop was sunflower. 
In has to be underlined that in the case of 
sunflower as preceding crop, dividing of 
nitrogen rate of 100 kg.ha-1 in two applications 
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led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the grain weight on ear 
(63.13 g) was registered under sunflower as 
preceding crop, at row spacing of 70 cm and at 

a nitrogen rate of 100 kg.ha-1. The smallest 
value of the grain weight on ear (38.12 g) was 
registered under sunflower as preceding crop, 
without nitrogen application and at row spacing 
of 50 cm. 

 

  
Figure 4. Grain weight on ear in different conditions of preceding crops (a- maize, b- sunflower), row spacing (70 cm 

and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
Thousand grain weight (TGW). In average 
for all experimental variants, TGW was of 
204 g. If all the other yielding components have 
registered significant smaller values than 
normal ones for the studied area because of the 
drought conditions registered in 2016, the 
TGW is just at low limits for the studied areas.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 decreased 
the TGW, but without differences statistically 
significant. The decrease was more important 
in the case of maize as preceding crop and less 
important in the case of sunflower as preceding 
crop (Figure 5).  
Contrary to the situation recorded for all the 
other yielding components, TGW registered 
higher values in the case of sunflower as 
preceding crop (211 g in average) than in the 
case of maize as preceding crop (197 g in 
average).  
Also contrary to the situation recorded for all 
the other yielding components, the values of 
TGW were higher at row spacing of 70 cm than 
at 50 cm when the preceding crop was maize, 
but also when the preceding crop was 
sunflower at nitrogen rate of 100 kg.ha-1 (in 
both one and two applications). 
The highest value of the TGW (224 g) was 
registered under sunflower as preceding crop, 
at row spacing of 70 cm and at no nitrogen 
application. The smallest value of the TGW 

(181 g) was registered under maize as 
preceding crop, with nitrogen rate of 50 kg.ha-1 
and at row spacing of 50 cm. 
Grain yield at 14% moisture content. In 
average for all experimental variants, the grain 
yield was of 3,761 kg.ha-1.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain yield, with differences statistically 
significant obtained at the rate of 100 kg.ha-1 
(Figure 6).  
Compared to the values of the grain yield 
obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the 
grain yield.  
It happened regardless of the preceding crop 
and row spacing except for sunflower as 
preceding crop and row spacing of 70 cm, 
when dividing of nitrogen rate increased the 
grain yield, while at row spacing of 50 cm the 
grain yield decreased significantly. 
Grain yield registered higher values in the case 
of sunflower as preceding crop (3,952 kg.ha-1 
in average) than in the case of maize as 
preceding crop (3,570 kg.ha-1 in average).  
It has to be emphasized that without nitrogen 
application, sunflower as preceding crop leaded 
to an average grain yield (3,107 kg.ha-1) higher 

than that obtained in the case of maize as 
preceding crop (2,588 kg.ha-1). 
As concerning the row spacing, the values of 
the grain yield were higher at row spacing of 
50 cm than at row spacing of 70 cm when the 
preceding crop was maize and vice versa when 
the preceding crop was sunflower, but with 
smaller differences between the two row 
spacing, except for the dividing of the nitrogen 
rate of 100 kg.ha-1. 

The highest value of the grain yield 
(5,214 kg.ha-1) was registered under sunflower 
as preceding crop, at row spacing of 70 cm and 
at a nitrogen rate of 100 kg.ha-1 divided in tow 
application. The smallest value of the grain 
yield (2,182 kg.ha-1) was registered under 
maize as preceding crop, without nitrogen 
application and at row spacing of 70 cm. 

 

  
Figure 5. Thousand grain weight (TGW) in different conditions of preceding crops (a- maize, b- sunflower), row 

spacing (70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 

  
Figure 6. Grain yield at 14% moisture content in different conditions of preceding crops (a- maize, b- sunflower), row 

spacing (70 cm and 50 cm) and nitrogen rates (0, 50, 100, and 50+50 kg.ha-1) 
 
CONCLUSIONS  
 
The obtained values of yield components and 
the grain yield are smaller than normal ones for 
the studied area because of the drought 
conditions registered in the year 2016. 
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain yield and the values of the yield 
components except for TGW, generally with 

differences statistically significant obtained at 
the rate of 100 kg.ha-1.  
Contrary to all the other yielding components, 
TGW decreased by application of nitrogen and 
increasing of nitrogen rate from 50 to 
100 kg.ha-1.  
Generally, the increasing of the values of the 
yielding components (except TGW) determined 
by nitrogen application is more important in the 
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led to important differences between the two 
row spacing in favour of 70 cm between rows. 
The highest value of the grain weight on ear 
(63.13 g) was registered under sunflower as 
preceding crop, at row spacing of 70 cm and at 

a nitrogen rate of 100 kg.ha-1. The smallest 
value of the grain weight on ear (38.12 g) was 
registered under sunflower as preceding crop, 
without nitrogen application and at row spacing 
of 50 cm. 
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204 g. If all the other yielding components have 
registered significant smaller values than 
normal ones for the studied area because of the 
drought conditions registered in 2016, the 
TGW is just at low limits for the studied areas.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 decreased 
the TGW, but without differences statistically 
significant. The decrease was more important 
in the case of maize as preceding crop and less 
important in the case of sunflower as preceding 
crop (Figure 5).  
Contrary to the situation recorded for all the 
other yielding components, TGW registered 
higher values in the case of sunflower as 
preceding crop (211 g in average) than in the 
case of maize as preceding crop (197 g in 
average).  
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TGW were higher at row spacing of 70 cm than 
at 50 cm when the preceding crop was maize, 
but also when the preceding crop was 
sunflower at nitrogen rate of 100 kg.ha-1 (in 
both one and two applications). 
The highest value of the TGW (224 g) was 
registered under sunflower as preceding crop, 
at row spacing of 70 cm and at no nitrogen 
application. The smallest value of the TGW 

(181 g) was registered under maize as 
preceding crop, with nitrogen rate of 50 kg.ha-1 
and at row spacing of 50 cm. 
Grain yield at 14% moisture content. In 
average for all experimental variants, the grain 
yield was of 3,761 kg.ha-1.  
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain yield, with differences statistically 
significant obtained at the rate of 100 kg.ha-1 
(Figure 6).  
Compared to the values of the grain yield 
obtained at the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves) decreased the 
grain yield.  
It happened regardless of the preceding crop 
and row spacing except for sunflower as 
preceding crop and row spacing of 70 cm, 
when dividing of nitrogen rate increased the 
grain yield, while at row spacing of 50 cm the 
grain yield decreased significantly. 
Grain yield registered higher values in the case 
of sunflower as preceding crop (3,952 kg.ha-1 
in average) than in the case of maize as 
preceding crop (3,570 kg.ha-1 in average).  
It has to be emphasized that without nitrogen 
application, sunflower as preceding crop leaded 
to an average grain yield (3,107 kg.ha-1) higher 

than that obtained in the case of maize as 
preceding crop (2,588 kg.ha-1). 
As concerning the row spacing, the values of 
the grain yield were higher at row spacing of 
50 cm than at row spacing of 70 cm when the 
preceding crop was maize and vice versa when 
the preceding crop was sunflower, but with 
smaller differences between the two row 
spacing, except for the dividing of the nitrogen 
rate of 100 kg.ha-1. 

The highest value of the grain yield 
(5,214 kg.ha-1) was registered under sunflower 
as preceding crop, at row spacing of 70 cm and 
at a nitrogen rate of 100 kg.ha-1 divided in tow 
application. The smallest value of the grain 
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The obtained values of yield components and 
the grain yield are smaller than normal ones for 
the studied area because of the drought 
conditions registered in the year 2016. 
Application of nitrogen and increasing of 
nitrogen rate from 50 to 100 kg.ha-1 increased 
the grain yield and the values of the yield 
components except for TGW, generally with 

differences statistically significant obtained at 
the rate of 100 kg.ha-1.  
Contrary to all the other yielding components, 
TGW decreased by application of nitrogen and 
increasing of nitrogen rate from 50 to 
100 kg.ha-1.  
Generally, the increasing of the values of the 
yielding components (except TGW) determined 
by nitrogen application is more important in the 
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Abstract 
 
In order to ensure food safety, it is necessary to consider all aspects of the agri-food chain, from the primary 
agricultural production, including animal feed production to consumer supply, since each of these links in the chain 
may affect the safety of final products. In the feed production, each unit operation can contribute to the quality and 
safety risk of feed products. This paper isfocused on the identification and monitoring of critical points in the 
technological process of feed production, which are usually not covered by the HACCP quality assurance systems. 
Results of homogeneity and carry over in the critical control points showed that about 25 % of tested feed mills have a 
problem with residues in the process, which could be potential risk for cross contamination. In the three feed mills level 
of carry-over was slightly above limits, which may result in the creation of conditions for contamination of the 
subsequent batch. Additionally, results of the monitoring of Salmonella spp., Escherichia coli, and Staphylococcus 
aureus presence on the surfaces in feed millsshowed that feed factory environment might also represent one of the 
potential sources of final product contamination. Results showed that 7% of samples were positive to Salmonella sp. 
and even 50% of samples were positive on other bacterial contaminants. Introducing adequate control system will 
contribute to the identification of microbiological contaminants at all stages of production chain (feed-animal-food-
human chain), as well on their prevention, which will have a direct impact on food safety and animal and human health. 
 
Key words: feed, safety, risk, food chain, Salmonella. 
 
INTRODUCTION 
 

 

Food is considered as a basic human need and 
the food supply chain cannot be a part of the 
free market. Food safety is always in a focus of 
the public, non-governmental organizations, 
professional associations, international trading 
partners and international trade organizations. 
It is necessary to ensure that all stake 
holdersraise a vote for open and transparent 
discussion on food legislation and to take steps 
to inform the public about possible health risk 
(Sredanovic et al., 2012). 
In order to ensure food safety, it is necessary to 
consider all aspects of the agri-food chain, from 
the primary agricultural production, including 
animal feed production to consumer supply, 
since each of these links in the chain may affect 
the safety of food. Nowadays it is generally 
accepted that the animal feed production is very 
important link in the production of safe food of 
animal origin. Food chain organization includes 
primary agricultural producers and feed 
producers, food processors, operators and 
contractors in transportation and storage, retail 

sales and provision of services related to food 
(together with organizations related to this 
sector such as manufacturers of vehicles, 
packaging material, cleaning, and ingredients) 
(Ryan, 2017). 
Feed production is an important link of the 
food chain which should provide sustainable, 
safe and valuable food products. Feed produ-
cers have to ensure systematic control in all 
stages of production, processing and distri-
bution in accordance with EU legislation as 
well as with good manufacturing practice and 
other quality systems (HACCP, GMP+, etc.). 
In the feed production, each unit operation can 
contribute to the quality and safety risk of feed 
products. Equipment like transporters, dividers, 
extractors, cells and bins, mills, scales, mixers, 
equipment for hydrothermal and mechanical 
treatments (conditioners, pellet mills, extruders, 
expanders), coolers, dryers, could be 
considered as a critical points in the production 
process from the safety aspect. Potential 
contamination places can be formed by 

case of sunflower as preceding crop than in the 
case of maize as preceding crop.  
Compared to the nitrogen rate of 100 kg.ha-1, 
dividing of nitrogen rate of 100 kg.ha-1 in two 
applications (half of rate applied immediately 
after sowing and half of rate applied in the 
growth stage of eight leaves), decreased the 
grain yield and yield components (except 
TGW) regardless of the preceding crop and row 
spacing. An exception was registered for the 
grain yield when sunflower was the preceding 
crop and at row spacing of 70 cm, case when 
the grain yield increased. Also, dividing of 
nitrogen rate of 100 kg.ha-1 in two applications 
when the sunflower was the preceding crop led 
to important differences between the two row 
spacing in favour of 70 cm between rows 
concerning the grain yield as well as yielding 
components (except TGW). 
Generally, the values of the grain yield and 
yielding components (except TGW) were 
higher at row spacing of 50 cm than at row 
spacing of 70 cm when the preceding crop was 
maize and vice versa when the preceding crop 
was sunflower.  
Yielding components (except TGW) registered 
higher values in the case of maize as preceding 
crop, while TGW and grain yield registered 
higher values in the case of sunflower as 
preceding crop.  
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